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MEDICINAL INHALATION DEVICES AND 
COMPONENTS THEREOF 

FIELD OF THE INVENTION 

[0001] The present invention relates to medicinal inhala 
tion devices and components for such devices as Well as 
methods of making such devices and components. 

BACKGROUND OF THE INVENTION 

[0002] Medicinal inhalation devices, including pressurized 
inhalers, such as metered dose pressurized inhalers (MDIs), 
and dry poWder inhalers (DPIs), are Widely used for deliver 
ing medicaments. 
[0003] Medicinal inhalation devices typically comprise a 
plurality of hardWare components, (Which in the case of a 
MDI can include for example gasket seals; metered dose 
valves (including their individual components, such as fer 
rules, valve bodies, valve stems, tanks, springs retaining cups 
and seals); containers; and actuators) as Well as a number of 
internal surfaces Which may be in contact With the medicinal 
formulation during storage or come in contact With the 
medicinal formulation during delivery. Often a desirable 
material for a particular component is found to be unsuitable 
in regard to its surface properties, eg surface energy, and/or 
its interaction With the medicinal formulation. For example, 
the relatively high surface energy of materials typically used 
in MDIs, e.g. acetal polymer for valve stems, or deep draWn 
stainless steels or aluminum for containers, can cause medi 
cament particles in suspension formulations to adhere irre 
versibly to the surfaces of corresponding component(s), 
Which has a consequent impact on the uniformity of medici 
nal delivery. Similar effects are also observed for DPIs. Other 
examples of potentially undesirable interactions betWeen a 
component and the medicinal formulation may include 
enhanced medicament degradation; adsorption of medica 
ment or permeation of a formulation constituent or extraction 
of chemicals from plastic materials. For DPIs often perme 
ation and adsorption of ambient Water pose issues. Also the 
use of materials having relatively high surface energy for 
certain components (eg metered dose valves and/or indi 
vidual components thereof), may have undesirable effects for 
the operation of movable components of a medicinal inhala 
tion device. 
[0004] Various coatings have been proposed for particular 
components or surfaces of metered dose inhalers, see e. g. EP 
642 992, WO 96/32099, WO 96/32150-1, WO 96/32345, WO 
99/42154, WO 02/47829, WO03/024623; WO 02/30498, 
WO 01/64273; WO 91/64274-5; WO 01/64524; and WO 
03/0061 81 . 

SUMMARY OF THE INVENTION 

[0005] Although a number of different coatings have been 
proposed, there is an ongoing need for medicinal inhalation 
devices and components thereof having desirable surface 
properties (eg loW surface energy) in conjunction With desir 
able structural integrity (e.g. adhesion, durability, robustness 
and/ or resistance to degradation over the lifetime of the 
device) of a coating system provided on said devices and 
components as Well as methods of providing such medicinal 
inhalation devices and components. 
[0006] In aspects of the present invention there is provided 
a method of making a medicinal inhalation device or a com 
ponent of a medicinal inhalation device comprising: 
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[0007] a) forming a non-metal coating on at least a por 
tion of a surface of the medicinal inhalation device or a 
component of a medicinal inhalation device, respec 
tively, said coating having at least one functional group; 

[0008] b) applying to at least a portion of a surface of the 
non-metal coating a composition comprising an at least 
partially ?uorinated compound comprising at least one 
functional group; and 

[0009] c) alloWing at least one functional group of the at 
least partially ?uorinated compound to react With at least 
one functional group of the non-metal coating to form a 
covalent bond. 

[0010] Additional aspects of the present invention include: 
devices and components made in accordance With aforesaid 
methods; a medicinal inhalation device or a component of a 
medicinal inhalation device comprising a non-metal coating 
on at least a portion of a surface of the device or the compo 
nent, respectively, and a ?uorine-containing coating bonded 
to the non-metal coating Wherein the ?uorine-containing 
coating comprises an at least partially ?uorinated compound 
comprising at least one functional group Which shares at least 
one covalent bond With the non-metal coating. 
[0011] The application of such a non-metal coating 
covalently bonded to an at least partially ?uorinated com 
pound as described herein provides desirable surface proper 
ties (eg low surface energy) in conjunction With desirable 
structural integrity of the system provided on surfaces of said 
devices and components. 
[0012] Such desirable structural integrity can be further 
enhanced through certain favorable embodiments in Which 
the non-metal coating is substantially free (more favorably 
free) of ?uorine. Alternatively or additionally, structural 
integrity can be further enhanced in certain favorable embodi 
ments in Which the non-metal coating is covalently bonded to 
the at least a portion of a surface of the device or component. 
Alternatively or additionally, in other certain favorable 
embodiments, structural integrity as Well as impermeability 
characteristics can be further facilitated through a non-metal 
coating that is plasma deposited under ion bombardment 
conditions. 
[0013] Further aspects of the present invention include: a 
medicinal inhalation device or component of a medicinal 
inhalation device comprising a non-metal coating plasma 
deposited on at least a portion of a surface of the device or 
component, respectively, said coating being plasma depos 
ited under ion bombardment conditions and being substan 
tially free (or more favorably) free of ?uorine. Other aspects 
of the present invention include: a medicinal inhalation 
device or a component of a medicinal inhalation device com 
prising a diamond-like glass coating on at least a portion of a 
surface of the device or component, respectively. Such 
medicinal inhalation devices and components (in particular 
medicinal inhalation devices comprising such components) 
shoW surprisingly desirable surface properties in conjunction 
With very favorable structural integrity. 
[0014] Dependent claims de?ne further embodiments of 
the invention. 
[0015] The invention, in its various combinations, either in 
method or apparatus form, may also be characterized by the 
folloWing listing of items: 
1. A method of making a medicinal inhalation device com 
prising: 

[0016] a) forming a non-metal coating on at least a por 
tion of a surface of the device, said coating having at 
least one functional group; 
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[0017] b) applying to at least a portion of a surface of the 
non-metal coating a composition comprising an at least 
partially ?uorinated compound comprising at least one 
functional group; and 

[0018] c) alloWing at least one functional group of the at 
least partially ?uorinated compound to react With at least 
one functional group of the non-metal coating to form a 
covalent bond. 

2.A method of making a component of a medicinal inhalation 
device comprising: 

[0019] a) forming a non-metal coating on at least a por 
tion of a surface of the component, said coating having at 
least one functional group; 

[0020] b) applying to at least a portion of a surface of the 
non-metal coating a composition comprising an at least 
partially ?uorinated compound comprising at least one 
functional group; and 

[0021] c) alloWing at least one functional group of the at 
least partially ?uorinated compound to react With at least 
one functional group of the non-metal coating to form a 
covalent bond. 

3. A method according to item 1 or item 2, Wherein said at 
least one functional group of the non-metal coating has an 
active hydrogen. 
4. A method according to item 3, Wherein said at least one 
functional group of the non-metal coating having an active 
hydrogen is selected from the group consisting of a hydroxyl 
group (iOH), a thiol group (iSH), an amine group 
(iNHi or iNHZ), a carboxyl group (4COOH) or an 
amide group (4CONHi or 4CONH2). 
5. A method according to item 4, Wherein said at least one 
functional group of the non-metal coating having an active 
hydrogen is selected from the group consisting of a hydroxyl 
group (iOH) and a carboxyl group (iCOOH). 
6. A method according to item 5, Wherein said at least one 
functional group of the non-metal coating is a hydroxyl group 
(ADH). 
7. A method according to any one of item 1 to 6, Wherein said 
at least one functional group of the non-metal coating is a 
silanol group (iSi4OH). 
8. A method according to any one of items 1 to 7, Wherein the 
non-metal coating comprises a plurality of functional groups. 
9. A method according to any one of items 1 to 8, Wherein 
prior to forming the non-metal coating, said surface of the 
device or the component, as applicable, is exposed to an 
oxygen or argon plasma, in particular to an oxygen plasma, 
more particularly an oxygen plasma under ion bombardment 
conditions. 
10. Amethod according to any one of items 1 to 9, Wherein the 
non-metal coating is formed by plasma deposition. 
11. A method according to item 10, Wherein the non-metal 
coating is formed by plasma deposition under ion bombard 
ment conditions. 
12. A method according to any one of items 1 to 11, Wherein 
the non-metal coating comprises silicon, oxygen and hydro 
gen. 
13. A method according to item 12, Wherein the forming the 
non-metal coating comprising silicon, oxygen and hydrogen 
comprises ioniZing a gas comprising at least one of an orga 
nosilicon or a silicon hydride. 
14 . A method according to item 13, Wherein the gas comprises 
an organosilicon. 
15 . A method according to item 14, Wherein the organosilicon 
is selected from the group consisting of trimethylsilane, tri 
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ethylsilane, trimethoxysilane, triethoxysilane, tetramethylsi 
lane, tetraethylsilane, tetramethoxysilane, tetraethoxysilane, 
hexamethylcyclotrisiloxane, tetramethylcyclotetrasiloxane, 
tetraethylcyclotetrasiloxane, octamethylcyclotetrasiloxane, 
hexamethyldisiloxane, bistrimethylsilylmethane, and mix 
tures thereof. 
1 6. A method according to item 1 5, Wherein the organosilicon 
is selected from the group consisting of trimethylsilane, tri 
ethylsilane, tetramethylsilane, tetraethylsilane, bistrimethyl 
silylmethane and mixtures thereof 
17. A method according to item 1 6, Wherein the organosilicon 
is tetramethylsilane. 
18. A method according to item 13, Wherein the gas comprises 
a silicon hydride, in particular a silicon hydride selected from 
the group consisting of SiH4 (silicon tetrahydride), Si2H6 
(disilane), and mixtures thereof. 
19. A method according to any one of items 13 to 18, Wherein 
the gas further comprises oxygen. 
20. A method according to any one of items 12 to 19, Wherein 
the non-metal coating further comprises carbon. 
21. A method according to item 20, Wherein the non-metal 
coating is a diamond-like glass containing on a hydrogen free 
basis at least about 20 atomic percent carbon and at least 
about 30 atomic percent of silicon+oxygen. 
22. A method according to item 21 , Wherein the diamond-like 
glass contains on a hydrogen free basis at least about 25 
atomic percent carbon, about 15 to about 50 atomic percent of 
silicon and about 15 to about 50 atomic percent oxygen. 
23. A method according to item 22, Wherein the diamond-like 
glass contains on a hydrogen free basis about 30 to about 60 
atomic percent carbon, about 20 to about 45 atomic percent of 
silicon and about 20 to about 45 atomic percent oxygen. 
24. A method according to item 23, Wherein the diamond-like 
glass contains on a hydrogen free basis about 30 to about 50 
atomic percent carbon, about 25 to about 35 atomic percent of 
silicon and about 25 to about 45 atomic percent oxygen. 
25. A method according to item 24, Wherein the diamond-like 
glass contains on a hydrogen free basis about 30 to about 36 
atomic percent carbon, about 26 to about 32 atomic percent of 
silicon and about 35 to about 41 atomic percent oxygen. 
26. A method according to any one of items 12 to 25, Wherein 
the silicon to oxygen ratio in the non-metal coating is less than 
tWo. 

27. A method according to any one of items 1 to 26, Wherein 
the non-metal coating is exposed to an oxygen plasma or a 
corona treatment prior to applying the composition compris 
ing an at least partially ?uorinated compound comprising at 
least one functional group, in particular an oxygen plasma, 
more particular an oxygen plasma under ion bombardment 
conditions. 
28. A method according to any one of items 1 to 27, Wherein 
said at least one functional group of the at least partially 
?uorinated compound has a hydrolysable group. 
29. A method according to any one of items 1 to 28, Wherein 
said at least one functional group of the at least partially 
?uorinated compound is a silane group. 
30. A method according to item 29, Wherein the silane group 
comprises at least one hydrolysable group, in particular at 
least tWo hydrolysable groups, and more particularly three 
hydrolysable groups. 
31. A method according to any one of items 1 to 30, Wherein 
said at least partially ?uorinated compound comprises a poly 
?uoropolyether segment, in particular a per?uorinated poly 
?uoropolyether segment. 
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32.A method according to any one of item 31, wherein said at 
least partially ?uorinated compound comprises a per?uori 
nated poly?uoropolyether segment, Where in the repeating 
units of the per?uorinated poly?uoropolyether segment the 
number of carbon atoms in sequence is at most 6, in particular 
at most 4, more particular at most 3 and most particular at 
most 2. 
33. A method according to any one of items 1 to 32, Wherein 
the at least partially ?uorinated compound comprising at least 
one functional group is a poly?uoropolyether silane, in par 
ticular a multifunctional poly?uoropolyether silane, and 
more particularly a difunctional poly?uoropolyether silane. 
34. A method according to item 33, Wherein the poly?uo 
ropolyether segment(s) of the poly?uoropolyether silane is 
(are) not linked to the functional silane group(s) via a func 
tionality that includes nitrogen-silicon bond or a sulfur-sili 
con bond. 

35. A method according to item 33 or item 34, Wherein the 
poly?uoropolyether segment(s) of the poly?uoropolyether 
silane is (are) linked to the functional silane group(s) via a 
functionality that includes a carbon-silicon bond. 
36. A method according to item 35, Wherein the poly?uo 
ropolyether segment(s) of the poly?uoropolyether silane is 
(are) linked to the functional silane group(s) via a iC(R)2i 
Si functionality Where R is independently hydrogen or a Cl_4 
alkyl group, more particular hydrogen. 
37. A method according to item 36, Wherein the poly?uo 
ropolyether segment(s) of the poly?uoropolyether silane is 
(are) linked to the functional silane group(s) via a i(CR2) 
k4C(R)2iSi functionality Where k is at least 2 and Where R 
is independently hydrogen or a C1_4 alkyl group, more par 
ticular hydrogen. 
38. A method according to any one of items 33 to 36, Wherein 
the poly?uoropolyether silane is of Formula la: 

ropolyether segment; 
[0024] Q is an organic divalent or trivalent linking 

group; 
[0025] each R is independently hydrogen or a Cl_4 

alkyl group; 
[0026] eachY is independently a hydrolysable group; 
[0027] R1“ is a Cl_8 alkyl or phenyl group; 
[0028] X is 0 or 1 or 2; 
[0029] y is l or 2; and 
[0030] Z is l, 2, 3, or 4. 

39. A method according to item 38, Wherein the poly?uo 
ropolyether segment, Rf, comprises per?uorinated repeating 
units selected from the group consisting of i(CnF2nO)i, 
i(CF(Z)O)i, i(CF(Z)CnF2nO)i, i(CnF2nCF(Z)O)i, 
i(CF2CF(Z)O)i, and combinations thereof; Wherein n is 
an integer from 1 to 6 and Z is a per?uoroalkyl group, an 
oxygen-containing per?uoroalkyl group, a per?uoroalkoxy 
group, or an oxygen-sub stituted per?uoroalkoxy group, each 
of Which can be linear, branched, or cyclic, and have 1 to 5 
carbon atoms and up to 4 oxygen atoms When oxygen-con 
taining or oxygen-substituted and Wherein for repeating units 
including Z the number of carbon atoms in sequence is at 
most 6. 

40. A method according to item 39, Wherein n is an integer 
from 1 to 4 and Wherein for repeating units including Z the 
number of carbon atoms in sequence is at most four. 
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41. A method according to item 39 or item 40, Wherein n is an 
integer from 1 to 3 and Wherein for repeating units including 
Z the number of carbon atoms in sequence is at most three. 
42. A method according to any one of items 39 to 41, Wherein 
the poly?uoropolyether segment, Rf, comprises per?uori 
nated repeating units selected from the group consisting of 
i(CnF2nO)i, i(CF(Z)O)i, and combinations thereof; 
Wherein n is l or 2 and Z is an ‘C133 group. 
43. A method according to any one of items 38 to 40, Wherein 
Z is l and Rfis selected from the group consisting of C3F7O 

(CF(CF3)CF2O)PCF(CF3)i, CF3O(C2F4O)PCF2i, C3F7O 
(CF(CF3)CF2O)PCF2CF2i, C3F7O(CF2CF2CF2O) 
pCFzCFzi, C3F7O(CF2CF2CF2O)PCF(CF3)i and CF30 
(CF2CF(CF3)O)P(CF2O)Xi, Wherein X is CFzi, C2F4i, 
C3F6i, C4F8i and Wherein the average value of p is 3 to 50. 
44. A method according to any one of items 38 to 40, Wherein 
Z is 2, and Rfis selected from the group consisting of iCFZO 
(CF2O)m(C2F4O)pCF2i, iCF(CF3)O(CF(CF3)CFZO)PCF 
(CF94, %F2O(C2F4O)PCF2< *(CF2)3O(C4FSO)P 
(CF2)3i, %F(C133)i(OCF2CF(CF3))PO%tFZtiO(CF 
(CF3)CF2O)PCF(CF3)i, Whereint is 2, 3 or 4 and Wherein m 
is l to 50, and p is 3 to 40. 
45. A method according to item 44, Wherein Rfis selected 
from the group consisting of iCF2O(CF2O)m(C2F4O) 
pCFzi, iCF2O(C2F4O)PCF2i, and iCF(CF3)i 
OCF2CF(CF3))POi(CtF2t)A)(CF(C133)CF2O)PCF 
(CF3)i, and Whereint is 2, 3 or 4, and Wherein the average 
value of m+p or p+p or p is from about 4 to about 24. 
46. A method according to any one of items 38 to 45, Wherein 
Q is selected from the group consisting of 4C(O)N(R)i 
(CHQW, *S(O)2N<R)*(CH2)1.< *(CHQF, 
%H2Oi(CH2)ki, %(O)Si(CH2)ki, iCH2OC(O)N 
(mama): and 

Wherein R is hydrogen or Cl_4 alkyl, and k is 2 to about 25. 
47. A method according to item 46, Wherein Q is selected 
from the group consisting of 4C(O)N(R)(CH2)2i, 40C 
(O)N(R)(CH2)2i, iCH2O(CH2)2i, or %H2A)C(O)N 
(R)*(CH2)2*, 
Wherein R is hydrogen or Cl_4 alkyl and y is l. 
48. A method according to any one of items 36 to 47, Wherein 
R is hydrogen. 
49. A method according to any one of items 38 to 48, Wherein 
X is 0. 

50. A method according to item 28 or item 30 or any one of 
items 38 to 49, Wherein each hydrolysable group is indepen 
dently selected from the group consisting of hydrogen, halo 
gen, alkoxy, acyloxy, polyalkyleneoxy, and aryloxy groups. 
51. A method according to item 50, Wherein each hydrolys 
able group is independently selected from the group consist 
ing of alkoxy, acyloxy, aryloxy, and polyalkyleneoxy groups. 
52. A method according to item 50 or item 51, Wherein each 
hydrolysable group is independently an alkoxy group, in par 
ticular an alkoxy group 40R‘ Wherein each R' is indepen 
dently a C l_6alkyl, more particularly a C 1_ 4 alkyl. 
53. A method according to any one of items 38 to 42 or any 
one of items of items 44 to 52, Wherein Rfis iCF2O(CF2O) 
m(C2F4O)PCF2i, and Q-C(R)2iSi(Y')3_,€(Rla),C is C(O)NH 
(CH2)3Si(OR')3, Wherein R' is methyl or ethyl and Wherein m 
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is 1 to 50 and p is 3 to 40, in particular wherein the average 
value of m+p or p+p or p is from about 4 to about 24, more 
particularly Wherein m and p are each about 9 to 12. 
54. A method according to any one of items 31 to 53, Wherein 
the Weight average molecular Weight of the poly?uoropoly 
ether segment is about 1000 or higher, in particular about 
1800 or higher. 
55. A method according to any one of items 33 to 53, Wherein 
the amount of poly?uoropolyether silane having a poly?uo 
ropolyether segment having a Weight average molecular 
Weight less than 750 is not more than 10% by Weight of total 
amount of poly?uoropolyether silane, in particular not more 
than 5% by Weight of total amount of poly?uoropolyether 
silane, more particularly not more than 1% by Weight of total 
amount of poly?uoropolyether silane, and most particular 0% 
by Weight of total amount of poly?uoropolyether silane. 
56. A method according to any one of items 30 to 55 as 
dependent directly or indirectly on item 5 or item 6, Wherein 
the non-metal coating is substantially free of amine, amido 
and/or thiol functional groups, in particular the non-metal 
coating is free of amine, amido and/or thiol functional groups 
57. A method according to any one of items 1 to 56, Wherein 
the non-metal coating is substantially free of ?uorine, in 
particular free of ?uorine. 
58. A method according to any one of items 1 to 57, Wherein 
the composition comprising an at least partially ?uorinated 
compound comprising at least one a functional group further 
comprises an organic solvent. 
59. A method according to item 58, Wherein the organic 
solvent is a ?uorinated solvent and/or a loWer alcohol. 

60. A method according to item 58 or item 59, Wherein the 
composition comprising an at least partially ?uorinated com 
pound comprising at least one a functional group further 
comprises an acid. 
61 . A method according to any one of items 1 to 60, Wherein 
the composition comprising an at least partially ?uorinated 
compound comprising at least one functional group further 
comprises Water. 
62. A method according to any one of items 1 to 61, Wherein 
the composition comprising an at least partially ?uorinated 
compound comprising at least one functional group further 
comprises a non-?uorinated cross-linking agent, in particular 
a cross-linking agent comprising one or more non-?uorinated 
compounds, each compound having at least tWo hydrolysable 
groups per molecule. 
63. A method according to item 62, Wherein the non-?uori 
nated compound is a compound in accordance to Formula II: 

$i(Y2)4.g(R5)g II 

[0031] Where R5 represents a non-hydrolysable group; 
[0032] Y2 represents a hydrolysable group; and 
[0033] g is 0, 1 or 2. 

64. A method according to item 62 or 63, Wherein the cross 
linking agent comprises a compound selected from group 
consisting of tetramethoxysilane, tetraethoxysilane, tetra 
propoxysilane, tetrabutoxysilane, methyl triethoxysilane, 
dimethyldiethoxysilane, octadecyltriethoxy-silane, 3-glyci 
doxypropyltriethoxysilane, 3-aminopropyl-trimethoxysi 
lane, 3-aminopropyltriethoxysilane 3-trimethoxysilylpropy 
lmethacrylate, and mixtures thereof. 
65. A method according to any one of items 1 to 64, Wherein 
the composition comprising an at least partially ?uorinated 
compound comprising at least one functional group is applied 
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by spraying, dipping, rolling, brushing, spreading, spin coat 
ing or How coating, in particular by spraying or dipping. 
66. A method according to any one of items 1 to 65, Wherein 
after applying the composition, the method further comprises 
a step of curing. 
67. A method according to item 66, Wherein the curing is 
carried out at an elevated temperature in the range from about 
400 C. to about 3000 C. 

68. A method according to any one of items 1 to 67, Wherein 
the non-metal coating is formed on said surface of the device 
or said surface of the component of the device, as applicable, 
such that the non-metal coating is covalently bonded to said 
surface. 
69. A method according to any one of items 1 to 68, Where 
said surface of the device or said surface of the component of 
the device, as applicable, is a surface that is or Will come in 
contact With a medicament or a medicinal formulation during 
storage or delivery from the medicinal inhalation device. 
70. A method according to any one of items 1 to 69, Where 
said surface of the device or said surface of the component of 
the device, as applicable, is a surface that comes in contact 
With a movable component of the device or is a surface of a 
movable component of the device. 
71. A method according to any one of items 1 to 70, Where 
said medicinal inhalation device is a metered dose inhaler or 
a dry poWder inhaler. 
72. Amedicinal inhalation device made according to item 1 or 
any one of items 3 to 71 as directly or indirectly dependent on 
item 1. 
73. A component of a medical inhalation device made accord 
ing to item 2 or any one of items 3 to 71 as directly or 
indirectly dependent on item 2. 
74. A medicinal inhalation device comprising a non-metal 
coating on at least a portion of a surface of the device and a 
?uorine-containing coating bonded to the non-metal coating 
Wherein the ?uorine-containing coating comprises an at least 
partially ?uorinated compound comprising at least one func 
tional group Which shares at least one covalent bond With the 
non-metal coating. 
75. A component of a medicinal inhalation device comprising 
a non-metal coating on at least a portion of a surface of the 
component, and a ?uorine-containing coating bonded to the 
non-metal coating Wherein the ?uorine-containing coating 
comprises an at least partially ?uorinated compound com 
prising at least one functional group Which shares at least one 
covalent bond With the non-metal coating. 
76. A device according to item 74 or a component according 
to item 75, Wherein the ?uorine-containing coating is 
covalently bonded to the non-metal coating through a plural 
ity of covalent bonds. 
77. A device according to item 74 or item 76 as dependent on 
item 74 or a component according to item 75 or item 76 as 
dependent on item 75, Wherein the ?uorine-containing coat 
ing is covalently bonded to the non-metal coating through a 
plurality of covalent bonds including bonds in OiSi groups, 
in particular bonds in Si4OiSi groups. 
78. A device according to item 74 or any of one of items 76 to 
77 as directly or indirectly dependent on item 74, or a com 
ponent according to item 75 or any of one items 76 to 77 as 
directly or indirectly dependent on item 75, Wherein the non 
metal coating comprises silicon and oxygen. 
79. A device according to item 78 as directly or indirectly 
dependent on item 74, or a component according to item 78 as 
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directly or indirectly dependent on item 75, Wherein the non 
metal coating further comprises carbon. 
80. A device according to item 78 or 79 as directly or indi 
rectly dependent on item 74, or a component according to 
item 78 or 79 as directly or indirectly dependent on item 75, 
Wherein the silicon to oxygen ratio in the non-metal coating is 
less than tWo. 
81 . A device according to item 74 or any of one of items 76 to 
80 as directly or indirectly dependent on item 74, or a com 
ponent according to item 75 or any of one of items 76 to 80 as 
directly or indirectly dependent on item 75, Wherein the non 
metal coating is substantially free of ?uorine, more particu 
larly free of ?uorine. 
82. A device according to item 74 or any one of items 76 to 81 
as directly or indirectly dependent on item 74, or a component 
according to item 75 or any one of items 76 to 81 as directly 
or indirectly dependent on item 75, Wherein the non-metal 
coating is covalently bonded to the at least a portion of a 
surface of the device or the component, respectively. 
83. A device according to item 74 or any one of items 76 to 82 
as directly or indirectly dependent on item 74, or a component 
according to item 75 or any of one of items 76 to 82 as directly 
or indirectly dependent on item 75, Wherein the non-metal 
coating is a plasma-deposited coating. 
84. A device according to item 83 as directly or indirectly 
dependent on item 74, or a component according to item 83 as 
directly or indirectly dependent on item 75, Wherein the non 
metal coating is a plasma-deposited coating deposited under 
conditions of ion bombardment. 
85. A device according to item 74 or any one of items 76 to 84 
as directly or indirectly dependent on item 74, or a component 
according to item 75 or any one of items 76 to 84 as directly 
or indirectly dependent on item 75, Wherein the non-metal 
coating is a diamond-like glass coating. 
86. A device according to item 85 as directly or indirectly 
dependent on item 74, or a component according to item 85 as 
directly or indirectly dependent on item 75, Wherein the dia 
mond-like glass coating contains on a hydrogen free basis at 
least about 20 atomic percent carbon and at least about 30 
atomic percent of silicon+oxygen. 
87. A device according to item 86 as directly or indirectly 
dependent on item 74, or a component according to item 86 as 
directly or indirectly dependent on item 75, Wherein the dia 
mond-like glass coating contains on a hydrogen free basis at 
least about 25 atomic percent carbon, about 15 to about 50 
atomic percent of silicon and about 15 to about 50 atomic 
percent oxygen. 
88. A device according to item 87 as directly or indirectly 
dependent on item 74, or a component according to item 87 as 
directly or indirectly dependent on item 75, Wherein the dia 
mond-like glass coating contains on a hydrogen free basis 
about 30 to about 60 atomic percent carbon, about 20 to about 
45 atomic percent of silicon and about 20 to about 45 atomic 
percent oxygen. 
89. A device according to item 88 as directly or indirectly 
dependent on item 74, or a component according to item 88 as 
directly or indirectly dependent on item 75, Wherein the dia 
mond-like glass coating contains on a hydrogen free basis 
about 30 to about 50 atomic percent carbon, about 25 to about 
35 atomic percent of silicon and about 25 to about 45 atomic 
percent oxygen. 
90 A device according to item 89 as directly or indirectly 
dependent on item 74, or a component according to item 89 as 
directly or indirectly dependent on item 75, Wherein the dia 
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mond-like glass coating contains on a hydrogen free basis 
about 30 to about 36 atomic percent carbon, about 26 to about 
32 atomic percent of silicon and about 35 to about 41 atomic 
percent oxygen. 
91. A device according to item 74 or any of one of items 76 to 
90 as directly or indirectly dependent on item 74, or a com 
ponent according to item 75 or any of one of items 76 to 90 as 
directly or indirectly dependent on item 75, Wherein the at 
least one functional group of the at least partially ?uorinated 
compound is a silane group. 
92. A device according to item 74 or any of one of items 76 to 
91 as directly or indirectly dependent on item 74, or a com 
ponent according to item 75 or any of one of items 76 to 91 as 
directly or indirectly dependent on item 75, Wherein the at 
least partially ?uorinated compound comprises a poly?uo 
ropolyether segment, in particular a per?uorinated poly?uo 
ropolyether segment. 
93. A device according to item 74 or any of one of items 76 to 
92 as directly or indirectly dependent on item 74, or a com 
ponent according to item 75 or any of one of items 76 to 92 as 
directly or indirectly dependent on item 75, Wherein the at 
least partially ?uorinated compound comprises a per?uori 
nated poly?uoropolyether segment, Where in the repeating 
units of the per?uorinated poly?uoropolyether segment the 
number of carbon atoms in sequence is at most 6, in particular 
at most 4, more particular at most 3 and most particular at 
most 2. 
94. A device according to item 74 or any of one of items 76 to 
93 as directly or indirectly dependent on item 74, or a com 
ponent according to item 75 or any of one of items 76 to 93 as 
directly or indirectly dependent on item 75, Wherein the at 
least partially ?uorinated compound comprising at least one 
functional group is a poly?uoropolyether silane, in particular 
a multifunctional poly?uoropolyether silane, and more par 
ticularly a difunctional poly?uoropolyether silane. 
95. A device according to item 94 as directly or indirectly 
dependent on item 74, or a component according to item 94 as 
directly or indirectly dependent on item 75, Wherein the poly 
?uoropolyether segment(s) is (are) not linked to the silane 
group(s) via a functionality that includes nitrogen-silicon 
bond or a sulfur-silicon bond. 

96. A device according to item 94 or item 95 as directly or 
indirectly dependent on item 74, or a component according to 
item 94 or item 95 as directly or indirectly dependent on item 
75, Wherein the poly?uoropolyether segment(s) is (are) 
linked to the silane group(s) via a functionality that includes 
a carbon-silicon bond, in particular via a 4C(R)2iSi func 
tionality Where R is independently hydrogen or a Cl_4 alkyl 
group, more particular via a i(CR2)k4C(R)2iSi function 
ality Where k is at least 2 and Where R is independently 
hydrogen or a C1_4 alkyl group. 
97. A device according to item 94 or item 95 as directly or 
indirectly dependent on item 74, or a component according to 
item 94 or item 95 as directly or indirectly dependent on item 
75, Wherein the ?uorine-containing coating is a poly?uo 
ropolyether-containing coating comprising poly?uoropoly 
ether silane entities of the folloWing Formula lb: 

R,{Q-[C(R)2*$i(O*)3.X(Rl“)X]y]Z 1b 

Which shares at least one covalent bond With the non-metal 
coating; and 

[0034] Wherein: 
[0035] Rf is a monovalent or multivalent poly?uo 

ropolyether segment; 
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[0036] Q is an organic divalent or trivalent linking 
group; 

[0037] each R is independently hydrogen or a Cl_4 
alkyl group; 

[0038] R1“ is a C1_8 alkyl or phenyl group; 
[0039] X is 0 or 1 or 2; 
[0040] y is 1 or 2; and 
[0041] Z is 1, 2, 3, or 4. 

98. A device according to item 97 as directly or indirectly 
dependent on item 74, or a component according to item 97 as 
directly or indirectly dependent on item 75, Wherein the at 
least on covalent bond shared With the non-metal coating is a 
bond to an oxygen atom in Si(Oi)3_x. 
99. A device according to item 97 or item 98 as directly or 
indirectly dependent on item 74, or a component according to 
item 97 or item 98 as directly or indirectly dependent on item 
75, Wherein the poly?uoropolyether segment, R], comprises 
per?uorinated repeating units selected from the group con 
sisting of i(CnF2nO)i, i(CF(Z)O)i, i(CF(Z) 
CnF2nO)i, i(CnF2nCF(Z)O)i, i(CF2CF(Z)O)i, and 
combinations thereof; Wherein n is an integer from 1 to 6 and 
Z is a per?uoroalkyl group, an oxygen-containing per?uoro 
alkyl group, a per?uoroalkoxy group, or an oxygen-substi 
tuted per?uoroalkoxy group, each of Which can be linear, 
branched, or cyclic, and have 1 to 5 carbon atoms and up to 4 
oxygen atoms When oxygen-containing or oxygen-substi 
tuted and Wherein for repeating units including Z the number 
of carbon atoms in sequence is at most 6. 
100. A device according to item 99 as directly or indirectly 
dependent on item 74, or a component according to item 99 as 
directly or indirectly dependent on item 75, Wherein n is an 
integer from 1 to 4 and Wherein for repeating units including 
Z the number of carbon atoms in sequence is at most four. 
101. A device according to item 100 as directly or indirectly 
dependent on item 74, or a component according to item 100 
as directly or indirectly dependent on item 75, Wherein n is an 
integer from 1 to 3 and Wherein for repeating units including 
Z the number of carbon atoms in sequence is at most three, 
more particularly the poly?uoropolyether segment, Rf, com 
prises per?uorinated repeating units selected from the group 
consisting of i(CnF2nO)i, i(CF(Z)O)i, and combina 
tions thereof; Wherein n is 1 or 2 and Z is an iCF3 group. 
102. A device according to any one of items 97 to 100 as 
directly or indirectly dependent on item 74, or a component 
according to any one of items 97 to 100 as directly or indi 
rectly dependent on item 75, Wherein Z is 1 and Rfis selected 
from the group consisting of C3F7O(CF(CF3)CF2O)PCF 
(CF3)i, CF3O(C2F4O)PCF2i, C3F7O(CF(CF3)CF2O) 
PCFZCFZi, C3F7O(CF2CF2CF2O)PCF2CF2i, C3F7O(CF2 
CF2CF2O)PCF(CF3)i and CF3O(CF2CF(CF3)O)P(CF2O) 
Xi, Wherein X is CFZi, C2F4i, C3F6i, C4F8i and 
Wherein the average value of p is 3 to 50. 
103. A device according to any one of items 97 to 100 as 
directly or indirectly dependent on item 74, or a component 
according to any one of items 97 to 101 as directly or indi 
rectly dependent on item 75, Wherein Z is 2, and Rfis selected 
from the group consisting of iCF2O(CF2O)m(C2F4O) 
pCFzi, 4CF(CF3)O(CF(CF3)CF2O)PCF(CF3)i ‘CF 
(C133)i(OCF2CF(CF3))PO4CtF2tiO(CF(CF3)CF2O)PCF 
(CF3)*> 4CF2O(C2F4O)pCF2i’ i(CF2)3O(C4F8O)p 
(CF2)3i, Whereint is 2, 3 or 4 and Wherein m is 1 to 50, and 
p is 3 to 40. 
104. A device according to item 103 as directly or indirectly 
dependent on item 74, or a component according to item 103 

Sep. 30, 2010 

as directly or indirectly dependent on item 75, Wherein Rfis 
selected from the group consisting of iCF2O(CF2O)m 
(C2F4O)PCF2i, %F2O(C2F4O)PCF2i, and %F 
(C133)*(OCF2CF(C133))PO*(C,F2t)*O(CF(CFQCFZO) 
PCF(CF3)i, and Wherein t is 2, 3 or 4, and Wherein the 
average value of m+p or p+p or p is from about 4 to about 24. 
105. A device according to any one of items 97 to 104 as 
directly or indirectly dependent on item 74, or a component 
according to any one of items 97 to 104 as directly or indi 
rectly dependent on item 75, Wherein Q is selected from the 
group consisting of 4C(O)N(R)i(CH2)ki, iS(O)2N 
(RHCHQW, *(CHQW, %H2O*(CH2)1.< %(O> 
Si(CH2)ki, %H2OC(O)N(R)i(CH2)ki, and 

Wherein R is hydrogen or C1_4 alkyl, and k is 2 to about 25. 
106. A device according to item 105 as directly or indirectly 
dependent on item 74, or a component according to item 105 
as directly or indirectly dependent on item 75, Wherein Q is 
selected from the group consisting of iC(O)N(R)(CH2)2i, 
A)C(O)N(R)(CH2)2i, iCH2O(CH2)2i, or %H2A)C 
(O)N(R)i(CH2)2i, Wherein R is hydrogen or C 1_ 4 alkyl and 
y is 1. 
107. A device according to any one of items 96 to 106 as 
directly or indirectly dependent on item 74, or a component 
according to any one of items 96 to 106 as directly or indi 
rectly dependent on item 75, Wherein R is hydrogen. 
108. A device according to any one of items 97 to 107 as 
directly or indirectly dependent on item 74, or a component 
according to any one of items 97 to 107 as directly or indi 
rectly dependent on item 75, Wherein X is 0. 
109. A device according to any one of items 97 to 101 or any 
one of items 103 to 108 as directly or indirectly dependent on 
item 74, or a component according to any one of items 97 to 
101 or any one of items 103 to 108 as directly or indirectly 
dependent on item 75, Wherein Rf is 4CF2O(CF2O)m 
(C2F4O)PCF2i, and Q-C(R)2iSi(Oi)3_,C(Rl"),C is C(O)NH 
(CH2)3Si(Oi)3 and Wherein m is 1 to 50 and p is 3 to 40, in 
particular Wherein the average value of m+p or p+p or p is 
from about 4 to about 24, more particularly Wherein m and p 
are each about 9 to 12. 

110. A device according to any one of items 92 to 109 as 
directly or indirectly dependent on item 74, or a component 
according to any one of items 92 to 109 as directly or indi 
rectly dependent on item 75, Wherein the Weight average 
molecularWeight of the poly?uoropolyether segment is about 
1000 or higher, in particular about 1800 or higher. 
111. A device according to any one of items 92 to 110 as 
directly or indirectly dependent on item 74, or a component 
according to any one of items 92 to 110 as directly or indi 
rectly dependent on item 75, Wherein the Weight average 
molecularWeight of the poly?uoropolyether segment is about 
6000 or less, in particular about 4000 or less. 
112. A device according to any one of items 94 to 111 as 
directly or indirectly dependent on item 74, or a component 
according to any one of items 94 to 111 as directly or indi 
rectly dependent on item 75, Wherein the amount of poly?uo 
ropolyether silane having a poly?uoropolyether segment 
having a Weight average molecular Weight less than 750 is not 
more than 10% by Weight of total amount of poly?uoropoly 
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ether silane, in particular not more than 5% by Weight of total 
amount of poly?uoropolyether silane, more particularly not 
more than 1% by Weight of total amount of poly?uoropoly 
ether silane, and mo st particular 0% by Weight of total amount 
of poly?uoropolyether silane. 
113. A device according to any one of items 91 to 112 as 
directly or indirectly dependent on item 74, or a component 
according to any one of items 92 to 112 as directly or indi 
rectly dependent on item 75, Wherein the non-metal coating is 
substantially free of nitrogen and/ or sulfur, in particular free 
of nitrogen and/or sulfur. 
114. A medicinal inhalation device comprising a non-metal 
coating plasma deposited on at least a portion of a surface of 
the device, said coating being plasma deposited under ion 
bombardment conditions and being substantially free of ?uo 
rine, in particular free of ?uorine. 
1 15. A component of a medicinal inhalation device compris 
ing a non-metal coating plasma deposited on at least a portion 
of a surface of the component, said coating being plasma 
deposited under ion bombardment conditions and being sub 
stantially free of ?uorine, in particular free of ?uorine. 
116. A device according to item 114 or a component accord 
ing to item 115, Wherein the non-metal coating is covalently 
bonded to the at least a portion of a surface of the device or the 
component, respectively. 
1 17. A device according to item 1 14 or item 1 16 as dependent 
on item 114, or a component according to item 115 or item 
1 16 as dependent on item 1 15, Wherein the non-metal coating 
comprises silicon, oxygen and hydrogen. 
118. A device according to item 117 as directly or indirectly 
dependent on item 1 14, or a component according to item 1 17 
as directly or indirectly dependent on item 115, Wherein the 
non-metal coating further comprises carbon. 
1 19. A device according to item 1 17 or item 1 18 as directly or 
indirectly dependent on item 114, or a component according 
to item 117 or item 118 as directly or indirectly dependent on 
item 1 15, Wherein the silicon to oxygen ratio in the non-metal 
coating is less than tWo. 
120. A medicinal inhalation device comprising a diamond 
like glass coating on at least a portion of a surface of the 
device. 
121. A component of a medicinal inhalation device compris 
ing a diamond-like glass coating on at least a portion of a 
surface of the component. 
122. A device according to item 120, or a component accord 
ing to item 121, Wherein the diamond-like glass coating con 
tains on a hydrogen free basis at least about 20 atomic percent 
carbon and at least about 30 atomic percent of silicon+oxy 
gen. 
123. A device according to item 122 as dependent on item 
120, or a component according to item 122 as dependent on 
item 121, Wherein the diamond-like glass coating contains on 
a hydrogen free basis at least about 25 atomic percent carbon, 
about 15 to about 50 atomic percent of silicon and about 15 to 
about 50 atomic percent oxygen. 
124. A device according to item 123 as directly or indirectly 
dependent on item 120, or a component according to item 123 
as directly or indirectly dependent on item 121, Wherein the 
diamond-like glass coating contains on a hydrogen free basis 
about 30 to about 60 atomic percent carbon, about 20 to about 
45 atomic percent of silicon and about 20 to about 45 atomic 
percent oxygen. 
125. A device according to item 124 as directly or indirectly 
dependent on item 120, or a component according to item 124 
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as directly or indirectly dependent on item 121, Wherein the 
diamond-like glass coating contains on a hydrogen free basis 
about 30 to about 50 atomic percent carbon, about 25 to about 
35 atomic percent of silicon and about 25 to about 45 atomic 
percent oxygen. 
126. A device according to item 125 as directly or indirectly 
dependent on item 120, or a component according to item 125 
as directly or indirectly dependent on item 121, Wherein the 
diamond-like glass coating contains on a hydrogen free basis 
about 30 to about 36 atomic percent carbon, about 26 to about 
32 atomic percent of silicon and about 35 to about 41 atomic 
percent oxygen. 
127. A device according to item 120 or any one of items 122 
to 126 as directly or indirectly dependent on item 120, or a 
component according to item 120 or any one of items 122 to 
126 as directly or indirectly dependent on item 121, Wherein 
the silicon to oxygen ratio in the diamond-like glass coating is 
less than tWo. 
128. A device or a component according to any one of items 
74 to 127, as applicable, Where said surface of the device or 
said surface of the component of the device, as applicable, is 
a surface that is or Will come in contact With a medicament or 
a medicinal formulation during storage or delivery from the 
medicinal inhalation device. 
129. A device or a component according to any one of items 
74 to 128, as applicable, Where said surface of the device or 
said surface of the component of the device, as applicable, is 
a surface that comes in contact With a movable component of 
the device or is a surface of a movable component of the 
device. 
130. A device or a component according to any one of items 
74 to 129 Where said medicinal inhalation device is a metered 
dose inhaler or a dry poWder inhaler. 
131 . A component according to item 73 or item 75 or any one 
of items 76 to 113 as directly or indirectly dependent on item 
75 or item 115 or any one of items 116 to 119 as directly or 
indirectly dependent on item 115 or item 121 or any one of 
items 122 to 127 as directly or indirectly dependent on item 
121, Wherein the component is a component of a metered 
dose inhaler and the component is selected from the group 
consisting of an actuator, an aerosol container, a ferrule, a 
valve body, a valve stem and a compression spring. 
132. A component according to item 73 or item 75 or any one 
of items 76 to 113 as directly or indirectly dependent on item 
75 or item 115 or any one of items 116 to 119 as directly or 
indirectly dependent on item 115 or item 121 or any one of 
items 122 to 127 as directly or indirectly dependent on item 
121, Wherein the component is a component of a dry poWder 
inhaler and the component is selected from the group consist 
ing of a poWder container, an component used to open sealed 
poWder container, a component that de?nes at least in part a 
deagglomeration chamber, a component of a deaglomeration 
system, a component that de?nes at least in part a ?oW chan 
nel, a do se-transporting component, a component that de?nes 
at least in part a mixing chamber, a component that de?nes at 
least in part an actuation chamber, a mouthpiece and a nose 
piece. 
133. A component according to item 73 or item 75 or any one 
of items 76 to 113 as directly or indirectly dependent on item 
75 or item 115 or any one of items 116 to 119 as directly or 
indirectly dependent on item 115 or item 121 or any one of 
items 122 to 127 as directly or indirectly dependent on item 
121, Wherein the component is a component of a breath 
actuating device or a component of a breath-coordinating 
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device or a spacer or a component of a spacer or a component 
of a dose counter for a medicinal inhalation device. 
134. A device according to item 72 or item 74 or any one of 
items 76 to 1 13 as directly or indirectly dependent on item 74 
or item 114 or any one of items 116 to 119 as directly or 
indirectly dependent on item 114 or item 120 or any one of 
items 122 to 127 as directly or indirectly dependent on item 
120, Wherein the device is a metered dose inhaler and the 
inhaler contains a medicinal aerosol formulation comprising 
a medicament and HFA 134a and/ or HFA 227 
135. A device according to item 134, Wherein the medicinal 
aerosol formulation is substantially free of ethanol. 
136. A device according to item 135, Wherein the medicinal 
aerosol formulation is free of ethanol. 
137. A device according to any one of items 134 to 136, 
Wherein the medicinal aerosol formulation is substantially 
free of surfactant. 
138. A device according to item 137, Wherein the medicinal 
aerosol formulation is free of surfactant. 
139. A device according to any one of items 134 to 138, 
Wherein the medicinal aerosol formulation comprises a medi 
cament that is dispersed said formulation. 
140. A device according to any one of items 134 to 139, 
Wherein the medicinal aerosol formulation medicinal formu 
lation comprises a medicament selected from the group con 
sisting of albuterol, terbutaline, ipratropium, oxitropium, 
tiotropium, beclomethasone, ?unisolide, budesonide, 
mometasone, ciclesonide, cromolyn sodium, nedocromil 
sodium, ketotifen, aZelastine, ergotamine, cyclosporine, sal 
meterol, ?uticasone, formoterol, procaterol, indacaterol, 
TA2005, omaliZumab, Zileuton, insulin, pentamidine, calci 
tonin, leuprolide, alpha-l-antitrypsin, interferon, triamcino 
lone, and pharmaceutically acceptable salts and esters thereof 
and mixtures thereof. 
[0042] The above summary of the present invention is not 
intended to describe each disclosed embodiment or every 
implementation of the present invention. The description that 
folloWs more particularly exempli?es illustrative embodi 
ments. In several places throughout the application, guidance 
is provided through lists of examples, Which examples can be 
used individually and in various combinations. In each 
instance, the recited list serves only as a representative group 
and should not be interpreted as an exclusive list 

BRIEF DESCRIPTION OF DRAWINGS 

[0043] The invention Will noW be described With reference 
to the accompanying draWings in Which: 
[0044] FIG. 111 represents a schematic cross-sectional vieW 
of a pressurized metered dose inhaler knoWn in the art and 
FIG. 1b represents an enlarged vieW of a portion of the 
inhaler. 
[0045] FIGS. 2 to 5 represent schematic cross-sectional 
vieWs of further metered dose valves knoWn in the art for use 
in pressuriZed metered dose inhalers. 
[0046] FIGS. 6 and 7 each shoW a schematic cross-section 
of an exemplary apparatus suitable for plasma depositing, in 
particular under conditions of ion bombardment, a non-metal 
coating on at least a portion of the surface of a substrate (eg 
a component of a medicinal inhalation device). 

DETAILED DESCRIPTION 

[0047] It is to be understood that the present invention 
covers all combinations of particular, suitable, desirable, 
favorable, advantageous and preferred aspects of the inven 
tion described herein. 
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[0048] For better understanding of the present invention, in 
the folloWing an exemplary, Well knoWn pressuriZed metered 
dose inhaler (FIG. 1) as Well as several knoWn metered dose 
valves for pressurized metered dose inhalers (FIGS. 2 to 5) 
Will be ?rst described. In particular, FIG. 1a shoWs a metered 
dose dispenser (100), in particular an inhaler, including an 
aerosol container (1) ?tted With a metered dose valve (10) 
(shoWn in its resting position). 
[0049] Aerosol containers for metered dose inhalers are 
typically made of aluminum or an aluminum alloy. Aerosol 
containers may be made of other materials, such as stainless 
steel, glass, plastic and ceramics. 
[0050] Returning to FIG. 1a, the valve is typically a?ixed 
onto the container via a cap or ferrule (11) (typically made of 
aluminum or an aluminum alloy) Which is generally provided 
as part of the valve assembly. The illustrated valve is a com 
mercial valve marketed under the trade designation 
SPRAYMISER by 3M Company, St. Paul, Minn., USA. As 
shoWn in FIG. 1a, the container/valve dispenser is typically 
provided With an actuator (5) including an appropriate patient 
port (6), such as a mouthpiece. For administration to the nasal 
cavities the patient port is generally provided in an appropri 
ate form (e. g. smaller diameter tube, often sloping upWardly) 
for delivery through the nose. Actuators are generally made of 
a plastic, for example polypropylene or polyethylene. As can 
be seen from FIG. 1a, the inner Walls (2) of the container and 
the outer Walls of the portion(s) of the metered dose valve 
located Within the container de?ned a formulation chamber 
(3) in Which aerosol formulation (4) is contained. Depending 
on the particular metered dose valve and/or ?lling system, 
aerosol formulation may be ?lled into the container either by 
cold-?lling (in Which chilled formulation is ?lled into the 
container and subsequently the metered dose valve is ?tted 
onto the container) or by pressure ?lling (in Which the 
metered dose valve is ?tted onto the container and then for 
mulation is pressure ?lled through the valve into the con 

tainer). 
[0051] An aerosol formulation used in a metered dose 
inhaler typically comprises a medicament or a combination of 
medicaments and lique?ed propellant selected from the 
group consisting of HFA 134a, HFA 227 and mixtures 
thereof. Aerosol formulations may, as desired or needed, 
comprise other excipients, such as surfactant, a co-solvent 
(e.g. ethanol), CO2, or a particulate bulking agent. Medica 
ment may be provided in particulate form (generally having a 
median siZe in the range of 1 to 10 microns) suspended in the 
lique?ed propellant. Alternatively medicament may be in 
solution (e.g. dissolved) in the formulation. In the event a 
combination of tWo or more medicaments is included, all the 
medicaments may be suspended or in solution or alternatively 
one or more medicaments may be suspended, While one or 

more medicaments may be in solution. A medicament may be 
a drug, vaccine, DNA fragment, hormone or other treatment. 
The amount of medicament Would be determined by the 
required dose per puff and available valve siZes, Which are 
typically 25, 50 or 63 microlitres, but may include 100 
microlitres Where particularly large doses are required. Suit 
able drugs include those for the treatment of respiratory dis 
orders, e.g., bronchodilators, anti-in?ammatories (e.g. corti 
costeroids), anti-allergies, anti-asthmatics, anti-histamines, 
and anti-cholinergic agents. Therapeutic proteins and pep 
tides may also be employed for delivery by inhalation. Exem 
plary drugs Which may be employed for delivery by inhala 
tion include but are not limited to: albuterol, terbutaline, 
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ipratropium, oxitropium, tiotropium, beclomethasone, 
?unisolide, budesonide, mometasone, ciclesonide, cromolyn 
sodium, nedocromil sodium, ketotifen, aZelastine, ergota 
mine, cyclosporine, salmeterol, ?uticasone, forrnoterol, pro 
caterol, indacaterol, TA2005, omaliZumab, Zileuton, insulin, 
pentamidine, calcitonin, leuprolide, alpha-l-antitrypsin, 
interferons, triamcinolone, and pharmaceutically acceptable 
salts and esters thereof such as albuterol sulfate, forrnoterol 
fumarate, salmeterol Xinafoate, beclomethasone dipropi 
onate, triamcinolone acetonide, ?uticasone propionate, 
tiotropium bromide, leuprolide acetate and mometasone 
furoate. 

[0052] Embodiments, described in detail beloW, in accor 
dance With the present invention are particularly useful in 
regard to metered dose inhalers including a medicinal aerosol 
formulation that include loW amounts of surfactant (0.005 Wt 
% With respect to the formulation); or is substantially free 
(less than 0.0001 Wt % With respect to drug) or free of a 
surfactant. Alternatively or additionally, embodiments 
described in detail beloW, are particularly useful in metered 
dose inhalers including a medicinal aerosol formulation that 
contains loW amounts of ethanol (less than 5 Wt % With 
respect to the formulation), or is substantially free (less than 
0.1 Wt % With respect to the formulation) or free of ethanol. 

[0053] The valve shoWn in FIG. 1a, better vieWed in FIG. 
1b, includes a metering chamber (12), de?ned in part by an 
inner valve body (13), through Which a valve stem (14) 
passes. The valve stem, Which is biased outWardly by a com 
pression spring (15), is in sliding sealing engagement With an 
inner tank seal (16) and an outer diaphragm seal (17). The 
valve also includes a second valve body (20) in the form of a 
bottle emptier. 
[0054] (For the sake of clarity in the description of various 
metered dose valves, in particular those including at least tWo 
valve bodies, in the folloWing a valve body de?ning in part the 
metering chamber Will be referred to as a “primary” valve 
body, While other types of valve body, e.g. de?ning a pre 
metering region, a pre-metering chamber, a spring cage and/ 
or a bottle emptier Will be referred to as a “secondary” valve 
body.) 
[0055] Returning to FIG. 1a, aerosol formulation (4) can 
pass from the formulation chamber into a pre-metering cham 
ber (22) provided betWeen the secondary valve body (20) and 
the primary valve body (13) through an annular space (21) 
betWeen the ?ange (23) of the secondary valve body and the 
primary valve body. To actuate (?re) the valve, the valve stem 
(14) is pushed inWardly relative to the container from its 
resting position shoWn in FIGS. 1a and b, alloWing formula 
tion to pass from the metering chamber through a side hole 
(19) in the valve stem and through a stem outlet (24) to an 
actuator noZZle (7) then out to the patient. When the valve 
stem (14) is released, formulation enters into the valve, in 
particular into the pre-metering chamber (22), through the 
annular space (21) and thence from the pre-metering chamber 
through a groove (18) in the valve stem past the tank seal (16) 
into the metering chamber (12). 
[0056] As mentioned above, FIGS. 2 to 5 shoW other knoWn 
metered dose valves used in pMDls. Similar to the valve 
shoWn in FIG. 1, the valves of FIGS. 2 to 5 are typically ?tted 
via a ferrule onto an aerosol container Whereby a formulation 
chamber is de?ned by the inner Walls of the container and the 
outer Walls of the portion(s) of the valve located Within the 
container. For the sake of ease in understanding and compari 
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son, similar components of the respective valves are identi 
?ed With like reference numbers in the Figures. 
[0057] FIG. 2 shoWs a metered dose valve (10) of a type 
generally similar to that disclosed and described in Us. Pat. 
No. 5,772,085 (incorporated herein by reference). The valve 
is shoWn in its resting position and includes a valve body (20) 
and a valve stem (14). The valve stem, Which is biased out 
Wardly under the pressure of the aerosol formulation con 
tained Within the formulation container, is provided With an 
inner seal and an outer seal (16 and 17). Unlike the valves in 
FIG. 1 and FIGS. 3 to 5, Which are push-to-?re type valves, 
the valve here is a release-to-?re type valve. To actuate the 
valve, the valve stem (14) is ?rst pushed upWards into the 
formulation chamber (not shoWn), so that the outer seal (17) 
passes inWardly beyond an outlet (25) provided in the exter 
nal portion of the valve body and the inner seal (16) then 
passes inWardly and disengages from the inner Walls of the 
valve body, thus bringing the metering chamber (12) up into 
the formulation chamber so that formulation can enter the 
metering chamber (referred to as the priming position of the 
valve) and then the valve stem is released moving outWardly 
so that the inner seal re-engages the valve body and the outer 
seal then passes outWardly beyond the outlet, bringing the 
metering chamber in communication With the outlet, so that 
formulation passes through the outlet to the patient. 
[0058] FIG. 3 shoWs a metered dose valve (10) of the type 
generally similar to that disclosed and described in WO 2004/ 
022142 (incorporated herein by reference). The valve is 
shoWn in its resting position and includes a secondary valve 
body (20) and a valve stem (14) that is biased outWardly by a 
compression spring (15). The valve is provided With an inner 
seal (16) and outer diaphragm seal (17), With the valve stem 
being in sliding sealing engagement With the diaphragm seal. 
In this valve, the secondary valve body is in the form of a 
spring cage housing having three slots (21, tWo visible) pro 
viding communication betWeen the formulation chamber 
(not shoWn) and a pre-metering chamber (22). This valve 
includes a transitory metering chamber formed upon actua 
tion of the valve. During actuation of the valve, as the valve 
stem (14) is pushed inWardly relative to the container, a 
metering chamber (12, not visible) is formed betWeen a loWer 
surface (28) of a conical portion (27) of the valve stem (14) 
and an upper, sloping surface (31) of a primary valve body 
(13). Aerosol formulation passes around the shoulder (3 0) of 
the conical portion of the valve stem into the forming meter 
ing chamber and as the valve stem is further pushed in the 
upper surface (29) of the conical portion forms a face seal 
With the inner seal (16), thereby sealing off the metering 
chamber. As the valve stem is yet further displaced inWardly, 
formulation is alloWed to pass from the metering chamber 
through side holes (19) in the valve stem and through a stem 
outlet (24) in the valve stem, and subsequently out to the 
patient typically via an actuator noZZle (7, not shoWn). 
[0059] FIG. 4 shoWs a commercial metered dose valve sup 
plied by Bespak, Bergen Way, King’s Lynn, Norfolk, PE30 
2]], UK under the trade designation BK357, in its resting 
position. 
[0060] The valve includes a secondary valve body (20) in 
the form of a spring cage With tWo slots (21) and an opening 
at the top (21') alloWing communication betWeen the formu 
lation chamber (not shoWn) and a pre-metering chamber (22). 
The valve also includes a valve stem (14), made of tWo com 
ponents (14a, 14b), Which is biased outWardly by a compres 
sion spring (15) and passes through a metering chamber (12) 
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de?ned in part by a primary valve body (13). The valve stem 
is in sliding sealing engagement With an inner seal (16) and an 
outer diaphragm seal (17). Aerosol formulation can pass from 
the pre-metering chamber (22) into the metering chamber 
(12) via side holes (33a, 33b) in the upper portion (14a) ofthe 
stem (14). Similar to the valve shoWn in FIG. 1, to actuate 
(?re) the valve, the valve stem (14) is pushed inWardly relative 
to the container, alloWing a metered dose of formulation to 
pass from the metering chamber through a side hole (19) in 
the valve stem and through a stem outlet (24) and then typi 
cally through an actuator noZZle (7, not shoWn) out to the 
patient. 
[0061] FIG. 5 shoWs a commercial metered dose valve sup 
plied by Valois SAS, Pharmaceutical Division, Route des 
Falaises, 27100 le Vaudreuil, France under the trade designa 
tion RCS, in its resting position. The valve includes a second 
ary valve body (20) in the form of a spring cage With three 
slots (21, tWo visible) alloWing communication betWeen the 
formulation chamber (not shoWn) and a pre-metering cham 
ber (22). The valve also include a valve stem (14), made of 
tWo components (14a, 14b), Which is biased outWardly by a 
compression spring (15) and passes through a metering 
chamber (12) de?ned in part by a primary valve body (13). 
The valve stem is in sliding sealing engagement With an inner 
seal (16) and an outer diaphragm seal (17). Aerosol formula 
tion can pass from the pre-metering chamber (22) into the 
metering chamber through a side hole (33) and an internal 
channel (34) provided in the upper portion (14a) of the valve 
stem. Similar to the valve shoWn in FIG. 1, to actuate (?re) the 
valve, the valve stem (14) is pushed inWardly relative to the 
container, alloWing formulation to pass from the metering 
chamber through a side hole (19) in the valve stem and 
through a stem outlet (24) and then typically through an 
actuator noZZle (7, not shoWn) out to the patient. 
[0062] With the exception of the elastomeric seals used in 
metered dose valves, typically the components of such valves 
are made of metal (e. g. stainless steel, aluminum or aluminum 
alloy) or plastic. For example compression springs are gen 
erally made of a metal, in particular stainless steel as the 
conventional material. Compression springs may also be 
made of aluminum or aluminum alloy. Valve stems and valve 
bodies are generally made of metal and/ or plastic; as a metal 
conventionally stainless steel is used (other metals that may 
be used include aluminum, aluminum alloy and titanium) and 
as plastics conventionally polybutylene terephthalate (PET) 
and/or acetal are used (other polymers that may be used 
include polyetheretherketones, nylon, other polyesters (such 
as tetrabutylene terephthalate), polycarbonates and polyeth 
ylene). 
[0063] Favorably at least a portion of a surface, more favor 
ably the entire surface, of a component or components of a 
medicinal inhalation device (eg aerosol containers, actua 
tors, ferrules, valve bodies, valve stems or compression 
springs of metered dose inhalers or poWder containers of dry 
poWder inhalers) Which is or Will come in contact With a 
medicament or a medicinal formulation during storage or 
delivery from the medicinal inhalation device are treated 
according to methods described herein. Most favorably the 
entire surface of the component, including any surface or 
surfaces (if present) that do not or Will not come in contact 
With a medicament or a medicinal formulation during storage 
or delivery from the device, are treated according to methods 
described herein. Alternatively or additionally, favorably at 
least a portion of a surface, more favorably the entire surface, 
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of a component or components of a medicinal inhalation 
device, Which either come in contact With a movable compo 
nent or are movable during storage or delivery from the 
medicinal inhalation device are treated according to methods 
described herein. Examples of such components for metered 
dose inhalers include e.g. valve bodies, valve stems or com 
pression springs of metered dose valves. 
[0064] In particular a component of a medicinal inhalation 
device in accordance With the present invention or made 
according to methods in accordance With the present inven 
tion is a component of a metered dose inhaler. Said compo 
nent may be selected from the group consisting of aerosol 
container, an actuator, a ferrule, a valve body (eg a primary 
and/or a secondary valve body), a valve stem and a compres 
sion spring. Alternatively a component of a medicinal inha 
lation device in accordance With the present invention or 
made according to methods in accordance With the present 
invention is a component of a dry poWder inhaler. Said com 
ponent may be selected from the group consisting of a com 
ponent that de?nes at least in part a poWder container (eg a 
multidose reservoir container or single dose blister or cap 
sule), an component used to open a sealed poWder container 
(e.g. piercer to open single dose blisters or capsules), a com 
ponent that de?nes at least in part a deagglomeration cham 
ber, a component of a deaglomeration system, a component 
that de?nes at least in part a How channel, a dose-transporting 
component (eg a dosing rod, dosing Wheel or dosing cylin 
der With a recess dimensioned to accommodate a single dose 
of poWder trapped betWeen said component and a housing in 
Which it moves to transport the dose), a component that 
de?nes at least in part a mixing chamber, a component that 
de?nes at least in part an actuation chamber (eg a holding 
chamber Where a dose is dispensed prior to inhalation), a 
mouthpiece and a nosepiece. 
[0065] Embodiments in accordance With certain aspects of 
the present invention include forming a non-metal coating on 
at least a portion of a surface of a medicinal inhalation device 
or a component of a medicinal inhalation device (eg an 
aerosol container of a metered dose inhaler, a metered dose 
valve or a component thereof, or a poWder container of a dry 
poWder inhaler), said coating having at least one functional 
group, Where the at least one functional group is capable of 
forming a covalent bond With the at least one functional group 
of the at least partially ?uorinated compound. 
[0066] The term “at least one functional group” as used 
herein is to be generally understood to include as a preferred 
embodiment “a plurality of functional groups”. 
[0067] The at least one functional group of the non-metal 
coating desirably includes an active hydrogen. The at least 
one functional group is favorably a hydroxyl group (40H), 
a thiol group (iSH), an amine group (iNHi or iNHZ), a 
carboxyl group (4COOH), an amide group (4CONHi or 
4CONH2) or a mixture of such groups; more favorably a 
hydroxyl group, a carboxyl group or a mixture of such 
groups; and most favorably a hydroxyl group. 

[0068] Favorably the aforesaid forming a non-metal coat 
ing includes forming a coating comprising silicon, oxygen, 
and hydrogen, more favorably a non-metal coating compris 
ing carbon, silicon, oxygen and hydrogen. 
[0069] Non-metal coatings described herein may be 
formed through a variety of knoWn coating techniques. HoW 
ever it has been found that the application of such coatings 
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through plasma deposition is desirable, more desirably 
through plasma deposition under conditions of ion bombard 
ment. 

[0070] In particular non-metal coatings (more particularly 
coatings comprising silicon, oxygen and hydrogen, and most 
particularly coatings comprising silicon, oxygen, hydrogen 
and carbon) may be desirably provided by plasma polymer 
iZation of an appropriate monomer or monomers, optionally 
in the presence of an appropriate assist gas, such as oxygen, 
using conventional conditions used in eg microWave, induc 
tively coupled, DC and RF (radio frequency) plasma deposi 
tion, Where polymeriZed species formed in the plasma deposit 
on the substrate to provide a polymer coating on the surface(s) 
of the substrate. 

[0071] More desirably non-metal coatings (more particu 
larly coatings comprising silicon, oxygen and hydrogen, and 
most particularly coatings comprising carbon, silicon, oxy 
gen, and hydrogen) are provided by plasma deposition under 
conditions of ion bombardment. Here plasma deposition is 
carried out in such a Way that an ion sheath is formed upon 
generation of the plasma (plasma formed from an appropriate 
source compound or compounds, optionally in the presence 
of an appropriate assist gas, such as oxygen) and Where the 
substrate, Whose surface is or surfaces are to be coated, is 
positioned Within the plasma chamber so that during plasma 
deposition the substrate is Within the ion sheath. An explana 
tion of the formation of ion sheaths can be found in Brian 
Chapman, GloW Discharge Processes, 153 (John Wily & 
Sons, NeWYork 1980). For RF-plasma deposition, this can be 
generally accomplished through the use of a RF-poWered 
electrode and locating the substrate to be coated in proximity 
to the RF-poWered electrode. For microWave plasma deposi 
tion and inductively coupled plasma deposition, this can be 
accomplished by providing the microWave or inductively 
coupled plasma system, respectively, With an electrode, bias 
ing (generally negatively biasing) this electrode and locating 
the substrate in proximity to said biased electrode. For DC 
plasma deposition, this can be accomplished by locating the 
substrate in proximity to the cathode or negatively biased 
electrode (e. g. for providing thin coatings of 10 nm or less). In 
this manner plasma deposition occurs under conditions of ion 
bombardment. Moreover polymerized species formed in the 
plasma are subjected to ion bombardment, and are thus 
among other things fragmented, before depositing and/or 
upon deposition on the substrate alloWing the provision of an 
advantageous, dense, random, covalent system on the surface 
(s) of the substrate. Such amorphous covalent systems (in 
particular such systems comprising silicon, oxygen and 
hydrogen, and more particularly further comprising carbon), 
shoW excellent adhesion (through e.g. covalent bonding) to 
many substrate materials, including metals, polymers, glass 
and ceramics. Such covalent amorphous systems provide 
“sharp” coatings eg on complex-formed components such 
as valve stems or compression springs. Such covalent amor 
phous systems (in particular such systems comprising silicon, 
oxygen and hydrogen, and more particularly further compris 
ing carbon) are desirable in that they are typically transparent 
or translucent. Furthermore, such amorphous covalent sys 
tems shoW advantageously high atomic packing densities, 
typically in a range from about 0.20 to about 0.28 (in particu 
lar from about 0.22 to about 026) gram atom number density 
in units of gram atoms per cubic centimeter. Polymeric coat 
ings (e.g. plasma polymer coatings) generally have gram 
atom number densities around 0.18. Such high atomic pack 

Sep. 30, 2010 

ing densities alloW the provision of coatings having a mini 
mum of porosity, excellent resistance to diffusion to liquid or 
gaseous materials, and superb, “diamond-like” hardness. 
Micro-hardness of such coatings, as determined using a 
nanoidenter, is generally, favorably at least 1 GPa, more 
favorably at least 2 GPa. Such coatings also advantageously 
have a loW coef?cient of friction/ surface energy. Such coat 
ings further comprising carbon, generally termed here as 
“diamond-like glass” shoW desirous ?exibility together With 
diamond-like hardness, alloWing for desirable long-term 
durability, in particular advantageous long-term durability of 
said coatings on movable components (eg compression 
springs) or on components coming into contact With other 
components due to movement (e.g. valve stems, valve bod 
ies). Micro-elastic-modulus of such coatings, as determined 
using a nanoidenter, is generally, favorably at least 11 GPa, 
more favorably at least 13 GPa. Due to the desirable proper 
ties of the aforesaid described coatings, they are particularly 
advantageous for use as coatings in medicinal inhalation 
devices or components thereof either alone or as a coating 
onto Which a composition comprising an at least partially 
?uorinated compound comprising at least one functional 
group is applied. In regard to the latter, again due to desirable 
high atomic packing densities such non-metal coatings alloW 
for the provision of a dense distribution and high number of 
functional groups, such as functional groups having an active 
hydrogen (e.g. hydroxyl groups (40H) and/or carboxyl 
groups (iCOOH), in particular hydroxyl groups) for subse 
quent bonding upon application of said composition compris 
ing at least partially ?uorinated compound comprising an at 
least one functional group. 

[0072] Coatings provided by plasma deposition under con 
ditions of ion bombardment and comprising silicon, oxygen 
and hydrogen desirably have a silicon to oxygen ratio less 
than tWo. 

[0073] Diamond-like glass coatings (e. g. coatings provided 
by plasma deposition under conditions of ion bombardment 
and comprising carbon, silicon, oxygen and hydrogen) favor 
ably contain on a hydrogen free basis at least about 20 atomic 
percent carbon and at least about 30 atomic percent of sili 
con+oxygen, more favorably at least about 25 atomic percent 
carbon, about 15 to about 50 atomic percent of silicon and 
about 15 to about 50 atomic percent oxygen, even more 
favorably about 30 to about 60 atomic percent carbon, about 
20 to about 45 atomic percent of silicon and about 20 to about 
45 atomic percent oxygen, yet even more favorably about 30 
to about 50 atomic percent carbon, about 25 to about 35 
atomic percent of silicon and about 25 to about 45 atomic 
percent oxygen, and most favorably about 30 to about 36 
atomic percent carbon, about 26 to about 32 atomic percent of 
silicon and about 35 to about 41 atomic percent oxygen. 
Diamond-like glass coatings desirably have a silicon to oxy 
gen ratio less than tWo. “Hydrogen free basis” refers to the 
atomic composition of a material as established by a method 
such as Electron Spectroscopy for Chemical Analysis 
(ESCA) Which does not detect hydrogen even if large 
amounts are present in the coating. The combination of fairly 
high amounts of silicon and oxygen With signi?cant amounts 
carbon makes diamond-like glass coatings ?exible (unlike 
glass or amorphous carbon coatings such as diamond-like 
carbon coatings). Also due to said combination diamond-like 
glass coatings have relatively loW intrinsic stress and thus 
excellent long-term adhesion and durability (unlike diamond 
like carbon coatings Which have a tendency to ?ake off due to 
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relatively high intrinsic stress Within the coating). Thus dia 
mond like glass coatings are particularly advantageous as 
coatings on a surface or surfaces of medicinal inhalation 
device components Which undergo movement in itself (e. g. a 
compression spring of a metered dose valve) or movement in 
conjunction With or relative to other components (eg a valve 
stem of a metered dose valve). Diamond-like glass coatings as 
Well as methods of making diamond-like glass and apparatus 
for depositing diamond-like glass are described in US. Pat. 
No. 6,696,157 (David et al), the contents of Which is incor 
porated here in its entirety. 
[0074] It is to be recognized that plasma deposition under 
conditions of ion bombardment is distinct from plasma poly 
merization. Moreover in plasma polymerization techniques, 
plasma deposition is carried out in such a manner that no ion 
sheath is formed (eg using conventional microWave or 
inductively coupled plasma systems) or the substrate to be 
coated With the polymer is positioned outside of any ion 
sheath, if at all formed. For example, in regard to the RF 
plasma systems using a RF-poWered electrode, for plasma 
polymerization, i.e. deposition of the polymer on the sub 
strate, the substrate is located in proximity to the grounded 
electrode or placed at a ?oating potential (i.e. electrically 
isolated and located outside of any ion sheath formed during 
RF-plasma deposition). 
[0075] The term “plasma deposition” as used herein, unless 
otherWise speci?ed, Will be understood to include inter alia 
plasma polymerization as Well as plasma deposition under 
conditions of ion bombardment, Where in each case plasma 
deposition under conditions of ion bombardment is under 
stood to be preferred. Similarly the term “plasma deposited” 
as used herein, unless otherWise speci?ed, Will be understood 
to include inter alia plasma polymerized as Well as plasma 
deposited under ion bombardment, Where in each case plasma 
deposited under ion bombardment is understood to be pre 
ferred. 

[0076] Forming a non-metal coating as described herein by 
plasma deposition can be carried out in a suitable reaction 
chamber having a capacitively-coupled system With at least 
one electrode poWered by an RF (radio frequency) source and 
at least one grounded electrode, such as those described in 
US. Pat. Nos. 6,696,157 (David et al.) and 6,878,419 (David 
et al.). FIG. 6 illustrates an exemplary apparatus (200) suit 
able for the plasma deposition, in particular plasma deposi 
tion under conditions of ion bombardment, shoWing a 
grounded chamber (120) (also acting here as a grounded 
electrode) from Which air is removed by a pumping stack (not 
shoWn). The gas or gases to form the plasma are generally 
injected radially inWardly through the reactor Wall to an exit 
pumping port in the center of the chamber. Substrate (140), 
typically a medicinal inhalation device component per se or 
alternatively a Work-piece from Which such a component may 
be subsequently formed or Worked, is favorably positioned 
proximate RF-poWered electrode (160). Electrode (160) is 
insulated from chamber (120) by a polytetra?uoroethylene 
support (180). FIG. 7 illustrates another exemplary apparatus 
(200) for the plasma deposition, in particular plasma deposi 
tion under conditions of ion bombardment, Where a substrate 
or (as shoWn in FIG. 7) a plurality of substrates (140) (again 
such substrate(s) being typically medicinal inhalation device 
component(s) per se or alternatively a Work-piece(s) from 
Which such a component may be subsequently formed or 
Worked) are tumbled during deposition, such tumbling favor 
ably alloWing for uniform deposition on the surfaces of the 
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substrate(s). Here the chamber (120) is a tube, in particular a 
quartz tube, the ends of Which are sealed With ?anges (not 
shoWn), in particular aluminum ?anges. Each end ?ange is 
typically provided With a port, a port at one end being con 
nected to a pumping stack (not shoWn) and a port at the other 
end being connected to gas supply system (not shoWn). The 
ports together With the connecting-system are favorably con 
?gured and arranged to alloW for rotation of the tube and thus 
the chamber during plasma deposition. Air is typically 
removed from the chamber after loading by the pumping 
stack through the exit pumping port, and the gas or gases to 
form the plasma are generally injected through the inlet gas 
port at the other end, said gas or gases passing then through 
the chamber toWards the exit pumping port. RF-poWdered 
electrode (160) is advantageously con?gured as an arc con 
forming to the curvature of the tube and is positioned just 
underneath the tube but separated from the tube by a narroW 
gap. The chamber and RF-poWered electrode are favorably 
housed inside With a housing (130), in particular a housing 
made of a perforated metal, that serves as a grounded counter 
electrode. Similar to the system shoWn in FIG. 6, poWer is 
typically provided by a RF poWer supply (170) through a 
matching netWork (175). During treatment With such a sys 
tem, the chamber (120) is advantageously rotated so the sub 
strate(s) (140) to be coated tumble; tumbling can be desirably 
facilitated through the inclusion of baf?es (125) Within the 
tube. Through an appropriate degree of substrate loading 
together With tumbling at an appropriate rate during plasma 
deposition, the substrate(s) to be coated Will be found With the 
loWer portion of the tube, and thus favorably positioned in 
proximity of the RF-poWered electrode (160) so that the 
substrate(s) Will be located Within the ion sheath. 
[0077] Before plasma deposition, it is desirable to expose 
the substrate to an oxygen plasma or alternatively an argon 
plasma, more desirably oxygen plasma. It is most desirable to 
expose the substrate to an oxygen plasma under conditions of 
ion bombardment (i.e. generating an ion sheath and having 
the substrate located Within the ion sheath during said oxygen 
plasma treatment). Typically for this pre-treatment, pressures 
in the chamber are maintained betWeen 1 .3 Pa (10 mTorr) and 
27 Pa (200 mTorr). Plasma is generated With RF poWer levels 
ofbetWeen 500 W and 3000 W. 

[0078] A solvent Washing step With an organic solvent such 
as acetone or ethanol may also be included prior to the expo 
sure to an oxygen or argon plasma as described above. 

[0079] Referring to the exemplary apparatus shoWn in FIG. 
6, for plasma deposition under ion bombardment conditions 
the substrate is located in proximity of the RF -poWered elec 
trode (as schematically depicted in FIG. 6) in the chamber so 
that the substrate Will be Within the ion sheath. For plasma 
polymerization, the substrate to be coated Would be placed in 
the chamber at a ?oating potential With the substrate being 
located such that it Would not be Within the ion sheath. Alter 
natively for plasma polymerization, an alternative system 
may be used Which is provided With an additional grounded 
electrode (rather than having the chamber act as the grounded 
electrode) and the substrate to be coated Would be then 
located in the proximity of the grounded electrode. 
[0080] The chamber is typically evacuated to the extent 
necessary to remove air and any impurities. This may be 
accomplished by vacuum pumps at a pumping stack con 
nected to the chamber. A source gas is introduced into the 
chamber at a desired ?oW rate, Which depends on the size of 
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the reactor, the surface area of the electrodes, and the surface 
area of the substrate. The gas is typically and desirably oxy 
gen. 
[0081] For the provision of a plasma deposited coating 
comprising silicon, oxygen and hydrogen or a plasma depos 
ited coating comprising carbon, silicon, oxygen and hydro 
gen, during plasma deposition, the gas further comprises an 
appropriate organosilicon and/or a silicon hydride com 
pound, and the ?oW rates are suf?cient to establish a suitable 
pressure at Which to carry out plasma deposition, typically 
0.13 Pa to 130 Pa (0.001 Torr to 1.0 Ton). For a cylindrical 
reactor that has an inner diameter of approximately 5 5 cm and 
a height of approximately 20 cm, the ?oW rates are typically 
from about 50 to about 500 standard cubic centimeters per 
minute (sccm). At the pressures and temperatures (less than 
about 50° C.) of the plasma deposition, the gas remains in the 
vapor form. An RF electric ?eld is applied to the poWered 
electrode, ioniZing the gas and establishing a plasma. In the 
RF-generated plasma, energy is coupled into the plasma 
through electrons. The plasma acts as the charge carrier 
betWeen the electrodes. The plasma can ?ll the entire reaction 
chamber and is typically visible as a colored cloud. 

[0082] The plasma also forms an ion sheath proximate at 
least to the RF-poWered electrode. The ion sheath typically 
appears as a darker area around the electrode. The depth of the 
ion sheath normally ranges from about 1 mm to about 50 mm 
and depends on factors such as the type and concentration of 
gas used, pressure in the chamber, the spacing betWeen the 
electrodes, and relative siZe of the electrodes. For example, 
reduced pressures Will increase the siZe of the ion sheath. 
When the electrodes are different siZes, a larger, stronger ion 
sheath Will form around the smaller electrode. Generally, the 
larger the difference in electrode siZe, the larger the difference 
in the siZe of the ion sheaths, and increasing the voltage across 
the ion sheath Will increase ion bombardment energy. 

[0083] In preferred embodiments in Which a substrate, 
Whose surface is or surfaces are to be coated, is located Within 
an ion sheath, ions accelerating toWard the electrode bombard 
the species being deposited from the plasma onto the sub 
strate and thus the substrate is exposed to the ion bombarded 
species being deposited from the plasma. The resulting reac 
tive species Within the plasma react on the surface of the 
substrate, forming a coating, the composition of Which is 
controlled by the composition of the gas being ioniZed in the 
plasma. The species forming the coating are advantageously 
attached to the surface of the substrate by covalent bonds, and 
therefore the coating is advantageously covalently bonded to 
the substrate. 
[0084] For favorable embodiments including formation of 
a coating comprising silicon, oxygen, and hydrogen or more 
favorably a coating comprising carbon, silicon, oxygen and 
hydrogen, plasma deposition comprises ioniZing a gas com 
prising at least one of an organosilicon or a silicon hydride 
compound. Typically the silicon of the at least one of an 
organosilicon or a silicon hydride compound is present in an 
amount of at least about 5 atomic percent of the gas mixture. 
If a reactive gas (such as oxygen) and/or an inert gas (such as 
argon) are mixed along With the organosilicon and/ or silicon 
hydride source compound, the atomic percent of silicon in the 
gas mixture is calculated based on the volumetric (or molar) 
?oW rates of the component gases in the mixture. For embodi 
ments including formation of a coating comprising carbon, 
silicon, oxygen and hydrogen, the gas desirably comprise an 
organosilicon. In particular the organosilicon comprises at 
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least one of trimethylsilane, triethylsilane, trimethoxysilane, 
triethoxysilane, tetramethylsilane, tetraethylsilane, tet 
ramethoxysilane, tetraethoxysilane, hexamethylcyclotrisi 
loxane, tetramethylcyclotetrasiloxane, tetraethylcyclotetrasi 
loxane, octamethylcyclotetrasiloxane, 
hexamethyldisiloxane, and bistrimethylsilylmethane. More 
particularly the organosilicon comprises at least one of trim 
ethylsilane, triethylsilane, tetramethylsilane, tetraethylsilane, 
and bistrimethylsilylmethane; and mo st particularly the orga 
nosilicon comprises tetramethylsilane. In addition to or alter 
natively (eg for provision of coatings comprising silicon, 
oxygen and hydrogen having less than 20 atomic percent of 
carbon (on hydrogen-free basis) or no carbon), the gas may 
comprise a silicon hydride. The silicon hydride may comprise 
SiH4 (silicon tetrahydride) and/or Si2H6 (disilane), in particu 
lar SiH4 (silicon tetrahydride). 
[0085] Preferably the gas further comprises oxygen. 
[0086] The gas may further comprise an additional gas or 
gases. Each additional gas can be added separately or in 
combination With each other. The gas may further comprise 
argon and/or hydrogen, in particular for plasma deposition 
under ion bombardment conditions. The application of argon 
(normally is not incorporated into the deposited coating) 
enhances ion bombardment, While the application of hydro 
gen promotes the formation of high packing density as Well as 
provides an additional source of hydrogen. Optionally the gas 
may further comprise ammonia and/or nitrogen. HoWever for 
certain preferred embodiments, described in more detailed 
infra, in Which a composition comprising an at least partially 
?uorinated compound comprising at least one silane group 
Will be applied, it is desirable not to use ammonia and nitro 
gen gas, nor a sulfur containing gas. Moreover, for certain 
preferred embodiments in Which a composition comprising 
an at least partially ?uorinated compound comprising at least 
one silane group Will be applied, it is desirable that the non 
metal coating as described herein is substantially free or free 
of amine groups and substantially free or free of amido groups 
as Well as substantially free or free of thiol groups so as to 
minimiZe or avoid formation of silicon-nitrogen or silicon 
sulfur bonds, said bonds having been determined to be unde 
sirable in terms of durability and/ or robustness of the coating 
system over the life of medicinal inhalation devices. Accord 
ingly in preferred embodiments, the non-metal coating is 
advantageously substantially free of nitrogen (eg at most 
about 5 atomic percent of nitrogen (on a hydrogen free 
basis)), in particular free of nitrogen. Also in preferred 
embodiments, the non-metal coating is advantageously sub 
stantially free of sulfur (e. g. at most about 1 atomic percent of 
sulfur (on a hydrogen free basis)), in particular free of sulfur. 
Optionally the gas may further comprise a source of ?uorine 
e.g. carbon tetra?uoride. HoWever, it is preferred (in general 
and more particularly for plasma deposition under ion bom 
bardment conditions) not to include ?uorine into the non 
metal coating. The inclusion of ?uorine has been determined 
to be generally undesirable in terms of structural integrity of 
non-metal coating (in particular adhesion of the non-metal 
coating to the substrate surface as Well as overall durability of 
the non-metal coating). Also for those embodiments in Which 
a composition comprising an at least partially ?uorinated 
compound comprising at least one functional group is applied 
onto the non-metal coating the inclusion of ?uorine is unde 
sirable in terms of adhesion of the applied ?uorine-containing 
composition onto the non-metal coating. Thus in certain 
aspects of the present invention and in preferred embodi 
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ments of other aspects of the present invention, the non-metal 
coating is advantageously substantially free of ?uorine (eg 
at most about 1 atomic percent of ?uorine (on a hydrogen free 
basis)), in particular free of ?uorine. 
[0087] Plasma deposition of the non-metal coating typi 
cally occurs at a rate ranging from about 1 to about 100 
nm/ second. The rate Will depend on conditions including 
pressure, poWer, concentration of gas, types of gases, relative 
siZe of the electrodes, and so on. In general, the deposition 
rate increases With increasing poWer, pressure, and concen 
tration of gas, although the rate can approach an upper limit. 
[0088] Desirably plasma deposition of the non-metal coat 
ing is carried out for a period of time such that the coating has 
a thickness in the range from about 5 nm to about 5000 nm. 
Generally Within this range it is favorable to provide coatings 
having a thickness of at least about 10 nm, more favorably at 
least about 50 nm, and most favorably at least about 100 nm. 
Also Within the aforesaid ranges generally it is favorable to 
provide coatings having a thickness less than about 1000 nm, 
more favorably at most about 950 nm, even more favorably at 
most about 800 nm, yet even more favorably at most about 
675 nm and most favorably at most about 550 nm. 

[0089] After the non-metal coating is formed (in particular 
a non-metal coating comprising silicon, oxygen and hydro 
gen, more particularly a coating comprising carbon, silicon, 
oxygen, hydrogen formed by plasma deposition) the surface 
of the non-metal coating is favorably exposed to an oxygen 
plasma, more favorably exposed to an oxygen plasma under 
ion bombardment conditions (for example in order to form or 
to form additional silanol groups on the surface of the non 
metal coating). Such a treatment is particularly advantageous 
for embodiments in Which a composition comprising an at 
least partially ?uorinated compound comprising at least one 
functional group Will be applied. For such treatment, pres 
sures in the plasma chamber are typically maintained 
betWeen 1.3 Pa (10 mTorr) and 27 Pa (200 mTorr), and oxy 
gen plasma is generated With RF poWer levels of betWeen 
about 50 W and about 3000 W. 
[0090] Embodiments according to certain aspects of the 
present invention include applying to at least a portion of a 
surface of the non-metal coating a composition comprising an 
at least partially ?uorinated compound comprising at least 
one functional group, and alloWing at least one functional 
group of the at least partially ?uorinated compound to react 
With at least one functional group of the non-metal coating to 
form a covalent bond. Preferably said composition is applied 
to the entire surface of the non-metal coating. 
[0091] As mentioned previously, prior to applying the com 
position comprising an at least partially ?uorinated com 
pound comprising at least one functional group, the non 
metal coating is desirably exposed to an oxygen plasma, more 
desirably exposed to an oxygen plasma under ion bombard 
ment conditions. Alternatively, the non-metal coating may be 
favorably exposed to a corona treatment prior to applying the 
composition comprising the at least partially ?uorinated com 
pound comprising at least one functional group. 
[0092] Desirably the at least partially ?uorinated com 
pound includes a poly?uoropolyether segment, preferably a 
per?uorinated poly?uoropolyether segment, for enhanced 
surface properties as Well as enhanced coating ef?ciency and 
structural integrity. The use of poly?uoropolyether segments 
including per?uorinated repeating units including short 
chains of carbon, Where desirably the number of carbon 
atoms in sequence is at most 6, more desirably at most 4, even 
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more desirably at most 3, and most desirably at most 2, 
facilitates durability/?exibility of the applied ?uorine-con 
taining coating as Well as minimiZing a potential of bioaccu 
mulation of per?uorinated moieties. 

[0093] Desirably the at least one functional group of the at 
least partially ?uorinated compound includes a hydrolysable 
group (e. g. hydrolysable in the presence of Water, optionally 
under acidic or basic conditions producing groups capable of 
undergoing a condensation reaction (for example silanol 
groups)). 
[0094] Desirably the at least one functional group of the at 
least partially ?uorinated compound is a silane group. 

[0095] Favorably the silane group includes at least one 
hydrolysable group, more favorably at least tWo hydrolysable 
groups, and most favorably three hydrolysable groups. The 
hydrolysable groups may be the same or different. 

[0096] Desirably a hydrolysable group is a group selected 
from the group consisting of hydrogen, halogen, alkoxy, acy 
loxy, aryloxy, and polyalkyleneoxy, more desirably a group 
selected from the group consisting of alkoxy, acyloxy, ary 
loxy, and polyalkyleneoxy, even more desirably a group 
selected from the group consisting of alkoxy, acyloxy and 
aryloxy, and most desirably an alkoxy group (eg OR’ 
Wherein each R' is independently a C1_6 alkyl, in particular a 
C l_ 4 alkyl). 

[0097] Desirably the at least partially ?uorinated com 
pound comprising at least one functional group is a poly?uo 
ropolyether silane, more desirably a multifunctional poly 
?uoropolyether silane, and most desirably a difunctional 
poly?uoropolyethersilane. 
[0098] The term “multifunctional poly?uoropolyether 
silane” as used herein is generally understood to mean a 
multivalent poly?uoropolyether segment functionaliZed With 
a multiple of functional silane groups, and the term “difunc 
tional poly?uoropolyether silane” as used herein is generally 
understood to mean a divalent poly?uoropolyether segment 
functionaliZed With a multiple of functional silane groups (in 
particular tWo to four functional silane groups, more particu 
lar tWo functional silane groups). 

[0099] It has been found that the use of a multifunctional 
poly?uoropolyether silane, in particular a difunctional poly 
?uorpolyether silane, alloWs for high application e?iciency 
and coverage as Well as extensive bonding (covalent bonding) 
to the non-metal coating and cross-linking Within the ?uorine 
containing coating itself facilitating structural integrity of the 
applied ?uorine-containing coating. 
[0100] For enhanced stability and/or resistance to attack 
(eg by ethanol, drug, and/or other potential components of 
medicinal inhalation formulations) desirably poly?uoropoly 
ether segment(s) is (are) not linked to silane group(s) via a 
functionality that includes a nitrogen-silicon bond or sulfur 
silicon bond. In particular, for enhanced stability and resis 
tance of the applied ?uorine-containing coating to attack, it is 
desirable that poly?uoropolyether segment(s) is (are) linked 
to silane group(s) via a functionality that include a carbon 
silicon bond, more particularly via a 4C(R)2iSi function 
ality Where R is independently hydrogen or a C1_4 alkyl group 
(preferably hydrogen), and most particular, via a i(C(R)2) 
k4C(R)2iSi functionality Where k is at least 2 (preferably 2 
to about 25, more preferably 2 to about 15, most preferably 2 
to about 10). The inclusion of i(C(R)2)ki Where k is at least 
2 advantageously, additionally provides ?exural strength 




















